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ABSTRACT 
 
 
 
 
The NS1A protein is a non-structural protein from influenza A virus H1N1 
strain.  The protein is a multifunctional protein which is capable of blocking the 
defense mechanism of host immune by inhibiting the secretion of host cell IFN α/β.  
Even existing vaccines cannot protect host cells against this viral infection due to 
constant mutations of NS1A protein.  In this study, the NS1A gene which was 
formerly cloned in  pET 32c(+) vector was successfully mutated using error-prone 
PCR with increased concentration of MgCl2 to 10 mM and subsequently cloned into 
yT&A vector and transformed into E. coli DH5α.  There were four proteins that 
contain non-conservative mutations from sequencing which were NS1 F103LN209D, 
NS1 S7P, NS1 T76I and NS1 E159G mutant proteins.  These proteins together with 
the wild-type protein were modeled using EasyModeller 2.1 and were energy 
minimized using GROMACS.  The qualities of the structures were validated using 
ERRAT, PROCHECK, Verify3D and ProSA web.  All the structures were of good 
quality and the high RMSD value shows that the mutant proteins have low structural 
homology to the wild-type protein.  This proves that the structures were affected by 
point mutations.  None of the mutations fell into ‘hot spot’ mutations.  These proteins 
were subsequently docked to RNA aptamers via HEX server to analyze the binding 
regions and binding affinity of aptamers to proteins.  The results obtained shows that 
the protein mutations affect the binding properties of aptamers to the mutant proteins 
because aptamers were docked at various regions with different binding affinities.  
The aptamers with the highest binding affinity towards wild-type NS1A protein and 
mutant proteins were selected which were aptamers 21, 174 and 176.  These results 
were expected to be useful for potential drug design to curb future H1N1 viral 
infections. 
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ABSTRAK 
 
 
 
 
Protein NS1A merupakan protein nonstruktural dari virus influenza A H1N1.  
Protein ini ialah protein multifungsi yang boleh menghalang mekanisma pertahanan 
sel hos dengan menyekat penghasilan IFN α/β.  Vaksin yang sedia ada tidak boleh 
melindungi sel-sel terhadap jangkitan virus sebab protein NS1A ini sentiasa melalui 
mutasi berterusan.  Dalam kajian ini, gen NS1A yang diklon dalam vektor PET 32c 
(+), telah berjaya dimutasikan menggunakan error-prone PCR dengan meningkatkan 
kepekatan MgCl2 kepada 10 mM dan seterusnya diklonkan ke dalam vektor y T&A 
dan ditransformasikan ke dalam E. coli DH5α.  Terdapat empat protein yang 
mengandungi mutasi bukan-konservatif dari analisa sequencing iaitu NS1 
F103LN209D, S7P NS1, NS1 T76I dan NS1 E159G protein mutan.  Protein ini 
bersama dengan protein wild-type telah dimodelkan menggunakan EasyModeller 2.1 
dan tenaga telah dikurangkan menggunakan GROMACS.  Struktur kualiti protein-
protein telah disahkan dengan menggunakan ERRAT, PROCHECK, Verify3D dan 
Prosa web.  Semua struktur protein adalah berkualiti tinggi dan nilai RMSD yang 
tinggi menunjukkan bahawa protein-protein mutan mempunyai struktur homologi 
yang rendah terhadap protein wild-type.  Ini membuktikan bahawa struktur protein 
dipengaruhi oleh point mutation.  Tiada mutasi dikenalpasti sebagai mutasi 'hot spot'.  
Seterusnya, docking antara protein dan aptamer-aptamer RNA dilakukan melalui 
HEX server untuk menganalisis kawasan docking dan afiniti dock aptamer-aptamer 
kepada protein.  Keputusan menunjukkan bahawa mutasi protein mempengaruhi 
docking antara aptamer-aptamer dan protein-protein mutan kerana aptamer-aptamer 
telah dock di pelbagai kawasan dengan kekuatan docking berbeza.  Aptamer-aptamer 
yang dock kepada protein wild-type NS1A dan protein-protein mutan dengan afiniti 
paling tinggi telah dipilih iaitu aptamer 21, 174 dan 176.  Keputusan ini dijangka 
berguna bagi rekabentuk ubat yang berpotensi untuk mencegah jangkitan virus H1N1 
masa depan. 
 
